A simple, facile co-precipitation technique was successfully used to synthesize the pure, and Mn-doped SnO 2 nanoparticles (NPs) and characterized by X-ray diffraction (XRD), Fourier Transform Infrared (FT-IR)), scanning electron microscopy (SEM), transmission electron microscopy (TEM), UV-vis diffuse reflectance spectroscopy and photoluminescence (PL). XRD analysis indicated that the prepared samples have the pure tetragonal structure of SnO 2 . The doping of Mn on SnO 2 surface enhances the crystallite size of the SnO 2 NPs. The polycrystalline in nature SnO 2 nanoparticles was confirmed by SAED pattern. FT-IR analysis illustrates the presence of stretching vibration of the O-Sn-O bond in both SnO 2 and Mn-doped SnO 2 NPs. SEM and TEM analysis shows that the SnO 2 particles are spherical in shape and are uniformly dispersed inside the nanocomposite matrix. The average particle size of SnO 2 in pure SnO 2 and Mn-doped SnO 2 NPs was determined as~14 and 12 nm respectively. The optical analysis confirmed a redshift by doping Mn on SnO 2 . The band gap energy for pure SnO 2 and Mn-doped SnO 2 NPs are 3.14 eV to 2.87 eV, respectively. The visible emission was observed from PL analysis. Photocatalytic activity of the pure SnO 2 and Mn-doped SnO 2 are tested using Rhodamine B (RhB) dye as a model compound under UV light. The results revealed that the Mn-doped SnO 2 NPs exhibited higher efficiency than pure SnO 2 for the degradation of RhB dye and furthermore with increasing the amount of Mn doping further enhanced the degradation rate of R hB dye. The synthesized samples present good reusable stability. Dielectric loss of the prepared pure and Mn-doped SnO 2 NPs exhibited a linear trend at higher frequency domain. Increased dopant amount reduced the ac conductivity which is attributed to the particle size effect with the presence of the impurities.
INTRODUCTION
Metal oxide nanoparticles have wide-band-gap which can enhance their optoelectronic applications due to their optical transparency in the visible range. Until recently, oxide films have shown a lot of potential application for fabricating flat-panel displays, gas sensors, high electrical conductivity, protective coatings, light-emitting devices, and spintronics devices etc. and so forth [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . At present, some semiconductor materials having magnetic properties (DMSs) are frequently mixed with other oxides having room temperature ferromagnetic properties (RTFM) for their promising spintronics applications [12] [13] [14] . Tin oxide (SnO 2 is one of the n-type, wide band-gap semiconductor material (3.6 eV). It has large exciton binding energy (130 meV) [15] . Owing to its' natural non-stoichiometric, prototypical transparent characteristics, SnO 2 is widely used as conducting oxide [16] . It can be applied for fabrication of both p and n-type semiconductor when it is doped appropriately with other metallic particles. The quantum size effect which is controlled by tuning the particle size of the nanoparticles makes them intensely used in the versatile field. The doping process over SnO 2 can be carried out by different methods including simple solgel method [17] , chemical co-precipitation method [18] , simple chemical precipitation method [19] [20] [21] and deposition methods [22, 23] . Conversely, the synthesis process using the above techniques is often costly. In that case, it becomes difficult to synthesize the nanoparticles in larger scales. Transition metals are a promising candidate to dope SnO 2 nanoparticles as the resulting doped sample can significantly show room-temperature ferromagnetism. One of the preferred dopants is manganese because Sn 4+ can be readily substituted by manganese particles inside the SnO 2 lattice. The potential of Mn-doped tin dioxide has been studied extensively but there are inconsistent outcomes reported regarding their magnetic properties. Nevertheless, relatively few researches were conducted regarding the properties of the nano-powders. Tian et al. [24] reported that the magnetic properties of Mn-doped SnO 2 depend on the quantity of Mn dopant and sintering temperature. The samples sintered at low temperature with low Mn content (<5%) exhibited ferromagnetism, but in high temperature sintered samples does not possess ferromagnetism. Rajeshwaran and Sivarajan synthesized Mn-doped SnO 2 by using microwave technique with nanosized SnO 2 particle with a broad average diameter of 35-19 nm. The samples have low quality polycrystalline with poor crystallinity structure of SnO 2 nanoparticles [25] . Salah et al. [26] used the same method but used a surfactant, hexamethylenetetramine. This method produced uniform sized SnO 2 and Mn-doped SnO 2 nanoparticles, but the band gap energy of SnO 2 increased after doping Mn. The band gap values increased from ∼3.63 eV and 3.80 eV after doping Mn on SnO 2 nanoparticles. Sabri et al. [27] obtained crystalline SnO 2 and Mn-doped nanoparticles by the mechanochemical method and observed a red shift with increasing Mn content.
In the present work, a simple co-precipitation method was used to Mn inside SnO 2 lattice and the effect of doping had been studied extensively. Herein, we are synthesizing SnO 2 nanoparticles using different dopant concentrations (Mn) using a simple chemical coprecipitation precipitation method. The effect of dopant amount on the end properties of the nano-composites was extensively studied in terms of FESEM, EDX, TEM, XRD, FTIR, UV-visible and PL analysis. The dielectric behavior with the AC conductivity of the synthesized samples was measured under different frequency level and temperature to illustrate the effect of dopant introduction inside the SnO 2 matrix. The magnetic properties of the synthesized samples were also determined. HCO 3 was added to maintain the pH of the solution reached to 9. The mixture was ultra-sonicated for 30 minutes. The precipitates thus obtained was washed with distilled water (DI) and dried in air at 150 C to get nanocrystalline powders. The dried powders were again washed with acetone and tempered at 600 C for 1 hour in an air environment to expel undesirable organic substances present.
EXPERIMENTAL DETAILS

RESULTS AND DISCUSSION
XRD pattern of pure and Mn-doped SnO 2 nanoparticles are illustrated by Figure 1 . All the XRD diffraction peaks showed the presence of the tetragonal system of SnO 2 . The crystallite size obtained here was relatively smaller for both the samples. Thus, the peaks were broadened [28] . Incorporation of dopant made the peaks to shift to higher angles. It was observed that the presence of dopant inside the SnO 2 lattice did not change the tetragonal structure [29] . The average crystallite size was determined to be 12-21 nm using Debye-Scherrer equation. Figure 2 displays the FTIR spectra of pure and Mndoped SnO 2 nanoparticles. From the spectra, the peaks around 668 cm −1 , 1,624 cm −1 , and 3458 cm −1 were identified. The peak at 674 cm −1 can be ascribed for the presence of stretching vibration of the O-Sn-O bond which was formed during the oxidation reactions. Another weak peak at 1622 cm −1 is related to the twisting mode of OH groups. The peak at 3458 cm −1 demonstrates the OH vibrational mode [30] . Increase in dopant amount shifted the peaks towards the wave number in the lower region.
The Raman spectra obtained for pure and Mnincorporated SnO 2 nanoparticles are shown in Figure 3 . Principal three bands around 476 cm −1 E g , 632 cm −1 A 1g and 778 cm −1 B 1g were observed in the Raman spectra. This was earlier reported by previous researchers also [31] . Another two IR active weak bands around 500 cm −1 and 690 cm −1 were observed due to A 2u (TO) and A 2u (LO) modes. Raman forbidden B 1u mode was confirmed by the presence of band around 544 cm hard to decide the precious crystal size precisely. Similarly, well-dispersed spherical shapes particles were also clearly visible in the SEM image of the Mn-doped SnO 2 nanoparticles. SEM images showed the presence of spherical shape bunched granules and some rod-shaped particles.
Figures 5(a)-(d) shows the TEM images of the undoped and Mn-incorporated SnO 2 nanocomposites. The average size of the nanoparticles was evaluated to be ∼14 and 12 nm for the un-doped and Mn-incorporated SnO 2 NPs respectively. The results were earlier confirmed by the XRD analysis also shows a similar range of particles size. Figure 5(d) demonstrates the SAED design. The SAED 'halo' ring pattern was observed from a few spots. The UV-Visible absorption spectra of un-doped and Mn-incorporated SnO 2 nanocomposites are illustrated by Figure 6 . It is evident that nano-dimensional semiconductor materials generally can exhibit threshold energy during the optical absorption measurements, due to its' sizeparticular band gap features [32] [33] [34] . It is also reflected by the blue shift of the absorption edge with the decrease of the particle size. The optical absorption spectra of the pure SnO 2 NPs along with three different composites having Mn concentrations (1%, 2%, and 3%) are shown by 
where A is constant, E g is the optical band gap energy and h is Planck's constant. The exponent n depends on the type of the transition. The band gap energy is calculated using Tauc's method [35] . Figure 7 displays the Tauc's plot for the Mn incorporated SnO 2 nanoparticles. With an increased amount of dopant concentration, the band gap was decreased, and it was decreased from 3.12 eV-2.55 eV. The band gap E g Fig. 8 . PL spectra of pure and Mn-doped SnO 2 nanoparticles.
value decreased with the concentration of Mn dopant [36] . This behavior demonstrates that the band gap contains a supplementary electronic level due to the integration of Mn inside the SnO 2 lattice.
The photoluminescence analysis (PL) of the pure and doped nanoparticles was carried out under room temperature. Figure 8 illustrates the PL emission spectra of un-doped and Mn ions incorporated SnO 2 nanoparticles. Curve a-containing a peak around 355 nm, represents the undoped, pure SnO 2 nanoparticles. Curves b, c, and d show the PL spectra of the doped nanoparticles. In this research, this peak changed its' position towards the blue region. Reduction in particle size made the band gap larger with emission around 364 nm. Additional emissions near the band-edge observed owing to the oxygen defects/vacancies of the material [37] . The band observed at 364 nm can be endorsed for the transition of electrons, facilitated by the presence of defects inside the band gap. These imperfections may incorporate oxygen vacancies inside the composite matrix. This happened due to the existence of dangling bonds inside the SnO 2 nanoparticles [38] . The free-exciting recombination process had caused UV emission near the band edge. However, the visible emission is considered as the intense level emission. These visible emissions confirmed the existence of the impurities and structural defects inside the composite matrix. The luminescent centers surrounded by the defects were enhanced and gave visible emission for the doped samples [39] .
The photocatalytic activity of Mn ions incorporated SnO 2 nanoparticles was observed. For this, under UV irradiation Rhodamine-B dye was degraded. Figures 9(a)-(d) displays the change in the optical absorption spectra of R hB dye solution for both the synthesized nanoparticles for various time intervals. It is clearly understood that the adsorption was decreasing with the reaction time (Fig. 9) . Figure 9 (a) showed that only a negligible amount of degradation had taken place using pure SnO 2 nanoparticles for 120 min compared to 3% Mn-doped SnO 2 nanoparticles (Figs. 10(b-d) ). Enhancement in dopant concentration had increased the rate of the photodegradation. This was expected to owe to the existence of deformity states and oxygen vacancies noticed for increasing doping content [40] . The peak was broadened due to the adsorbed O 2 and H 2 O. This happened due to physical imperfections and the extended oxidation conditions of cations. More trapping sites for the holes and electrons would be provided by the extra cations which would consequently help for the recombination of photogenerated charges. This gradually delays the generation of (hydroxyl) and (oxygen) superoxide radicals which lead to the reduction in photocatalytic activity. Figures 10(a), (b) demonstrates the Kinetics of R hB dye solution for a different time interval, where C is the concentration of R hB at its most maximum absorption and C o is the initial absorption. This was noticed in Figure 10 (b) the concentration of RhB was decreasing with time as the Mn concentration was increased. The pure SnO 2 nanoparticles could just degrade 13% of the dye after 120 min however for 1%, 2%, and 3% Mndoped SnO 2 nanoparticles, the degradation was 20%, 38%, and 59% respectively. More active sites were generated for Mn dopant which improved the degradation of R hB dye [41] . At room temperature, the dielectric constant of the pure and Mn-doped SnO 2 NPs was determined under different frequency level and illustrated by Figure 11 . The dielectric constant was decreasing with an increased level of frequency. Nevertheless, at higher frequency domain, the polarization impact was reducing. This subsequently initiated the reduction in dielectric constant at a higher frequency level [42] [43] [44] . Due to the incorporation of Mn dopant, the magnitude of the dielectric constant was reducing. The effect of dielectric polarizability of the Mn dopant ions was insignificant compared to the host ions. Mn ions incorporated SnO 2 NPs demonstrated reduced values for the dielectric constant compared to un-doped, pure SnO 2 nanoparticles. This is obvious as the band gap values of semiconductor materials usually have lower dielectric constant. The ionic radius of the dopant ions tends to increase to reduce the magnitude of dielectric constant [45, 46] . Figure 12 displays the changes of dielectric loss values under different frequency region for un-doped and Mn ions incorporated SnO 2 nanoparticles.
This was evident that initially, the values of dielectric loss were decreasing. It remained constant for Mn-doped SnO 2 NPs. Debye-like relaxation mechanism can clearly explain this phenomenon. It had been detected that the magnitude of dielectric loss reduces with the enhancement of frequency level for the Mn ions incorporated SnO 2 nanoparticles. The interfacial space charge polarization effect had initiated that [21, 47] . These materials indicated a constant dielectric loss behavior under higher frequency domain. This confirmed the lossless nature of the synthesized doped samples [48] . This highlighted that the synthesized materials could be used for devices which operates under high frequency. Figure 13 demonstrates the behavior of the synthesized sample in terms of conductivity at different frequency level under room temperature. An exponential increase in conductivity values is observed with increment in frequency level for un-doped, pure SnO 2 nanoparticles. The values for ac conductivity for the synthesized particles were reducing with subsequent increment in dopant amount. It is attributed to the scattering at large grain boundaries. Using Impedance spectroscopy is an efficient way to evaluate the electrical properties of dielectric materials based on frequency level. The Nyquist plot can provide the complex impedance pattern for the synthesized samples. In this plot, the imaginary part of the impedance Z x is plotted against the real part of impedance Z . Nyquist plots for un-doped and Mn ions incorporated SnO 2 nanoparticles are shown by Figure 14 . From the plot, it was observed that the dopant concentration under different frequency range had significant influence. The radius of the semicircle was increasing with the increasing concentration of Mn ions. This reflected a noticeable reduction in electrical conduction. From the half circle, the resistance R and capacitance C are determined from the diameter and frequency of the semicircle-maximum, respectively. The enhancement in dopant amount cannot improve the electrical conductivity for nano-scaled materials. The synthesized materials are represented by the semicircle present at higher frequency domain. The phenomenon is the combination of resistance and capacitance of the materials. It is reported earlier also that the electrical properties of nano-material are largely dependent upon the morphological features, crystalline phase, particle size, constituents, and impurities [49] [50] [51] .
The magnetic measurements (M-H) of un-doped and Mn ions infused SnO 2 NPs was carried out at room temperature. The results obtained are illustrated by Figure 15 . The pure SnO 2 nanoparticles are demonstrating diamagnetism, incorporation of Mn ions inside the SnO 2 lattice induces ferromagnetic properties also. Due to the existence of the secondary oxide phases of Mn ions inside the J. Nanoelectron. Optoelectron., 14, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] 2019 synthesized nanocomposite matrix, the samples showed ferromagnetic properties [52] . The samples synthesized using lower Mn content (1%) demonstrated larger magnetization values. When the dopant amount was increased to 2% to 3%, the Ferro magnetization properties of the samples were reduced also. At the point, when 1% of Mn dopants were used, the greater part of the Mn 2+ ions took a substitutional position. Overall the structure contained more oxygen vacancies owing to Mn 2+ ions incorporation inside the SnO 2 lattice. However, the oxygen vacancies alone can't induce ferromagnetic properties of doped nanoparticles. The increment of Mn increases the number of oxygen vacancies and subsequently, an exchange interaction of the Mn ions through oxygen vacancies may incite ferromagnetism.
CONCLUSION
The nanoparticle of SnO 2 and Mn-doped SnO 2 were successfully synthesized by a simple co-precipitation technique. XRD analysis confirmed the presence of the pure phase of tetragonal SnO 2 in both Mn-doped and undoped SnO 2 NPs. SEM and TEM result evidenced that the SnO 2 particles are spherical in shape with an average particle size of 14 and 12 nm for pure SnO 2 and Mn-doped SnO 2 , respectively. FTIR spectral analysis confirms the presence of O-Sn-O bond and surface OH groups. The band gap energy was calculated from UV-Visible absorption spectra analysis and found to decrease from 3.12 eV to 2.55 eV with increasing Mn content. The PL emission spectral analysis demonstrated a wider peak with maximum intensity at 364 nm for both the samples. The Mn doping enhances the photocatalytic activity of SnO 2 NPs and the degradation efficiency increased with increasing the % Mn content from 1 mol% to 3 mol%. This phenomenon resulted from the combined effect of better electron-hole separation as well as a decrease in its band gap energy compared to un-doped pure SnO 2 NPs. At higher frequency level the value of the dielectric loss almost becomes zero and hence this material could be incorporated as a part of high-frequency devices. Mn-doping inside the SnO 2 NPs exhibited ferromagnetic properties and so the Mn 2+ doping in SnO 2 lattice is a successful way to improve the optical characteristics of the composite sample. Hence, the synthesized sample can be considered as a promising material for optoelectronic applications.
